The world energy sector sees the need to take advantage of natural resources as alternative energy sources, given their great potential and their inexhaustible nature, which is why the generation of electricity from sources such as solar radiation, winds, tides, etc. is suggested. This research shows the results of the design and construction of the prototype of a low-speed electric generator to be incorporated into an electric generation system, powered by non-conventional sources of energy such as wind power. Work was done on the design of the rotor and stator of the electric generator, the redistribution of the permanent magnets and electronic components were added to improve its efficiency. It is assumed that the objectives will be met when the new generator is connected to a 110 cm long wind turbine with blades and voltages are generated that allow the storage of electrical energy in conventional batteries.
Introduction
In 2014, the Instrumentation and Metrology research group of the University of the Atlantic built a small wind generator and a bise-generator, which were presented at the First Meeting on the Appropriation of Non-Conventional Energy Sources in the Communities of the Colombian Caribbean Coast, in the city of Barranquilla [1] . These two devices showed in a didactic level, how they can be built with low resources, equipment that helps in obtaining energy from non-polluting sources. The use of natural resources has been the most pleasing alternative in the world energy sector, since the problem of environmental pollution caused by the generation of conventional electricity is worsening day by day, even more so when energy demand is on the rise [2] .
The generation of electrical energy from sources such as solar radiation, winds, tides [3] , is supported in the creation of machinery and systems that take these energies and convert them into usable energies in industry, transport and homes, this on a large and small scale [4] . In the specific case of wind energy, large mills such as those installed in wind farms that supply energy to countries with a high level of industrialization have been designed for its use [5] , the use of this energy has been growing steadily, and the level of application has reached an ostensible level in the recent decade [6] .
Likewise, the countries that most promote this energy sector are China, the United States, India, Germany and Spain, according to the assessment made by the Global Wind Energy Council (GWEC) and cited by the Wind Energy Business Association. It is also important to point out that wind energy currently accounts for 3% of world consumption, is expected to exceed 5% in 2020 and in the long term can meet 9% of global electricity demand [7] . At the local level, although Colombia's energy potential is eminently hydroelectric, there is also interest in this source. For example, the Medellín Public Companies have installed the 19.5 MW Jepirachi wind farm in Guajira, a testing ground, to take advantage of the trade wind blowing on the northeastern coast of Colombia. Considering this potential in the Colombian Caribbean, they have expressed interest in the development of new wind farms with capacities of up to 200 MW [8] .
Theoretical framework on energy
Solar energy is considered a very promising energy source and does not cause pollution, but its state of development is still incipient [9] . The use of this energy source is made possible by the construction of solar cells: the photovoltaic cell, which captures the light energy to convert it into electrical energy, and the thermal collectors, which capture the solar radiation and convert it into thermal energy [10] . It is also important to note the importance of how the solar panels are distributed in order to make the most of the solar radiation at certain times of the day. Because the largest efficiency is obtained when the solar radiation is perpendicular to the surface of the solar panels, this is the only way to obtain a greater storage of the energy, so that it can be available at the times required.
Wind energy, on the other hand, takes place when air masses are displaced by the pressure differences created by the heating of the earth's surface, so the main source of the winds is solar energy, because the inhomogeneous heating of air near the surface creates these pressure differences [11] . To make the most of this energy, windmills are built in conjunction with electrical generators and electrical energy storage systems. In the mill/generator coupling, speed multiplication systems are used so that the generator rotor rotates faster than the mill shaft and higher voltages are obtained. These speed multipliers generate additional torques and frictional energy losses that make the systems heavier and require strong winds for their operation, which in the event of weak winds the mill and therefore the power generator will not rotate [12] .
It is important to highlight the operation and behavior of the wind turbine, where one of the purposes is to capture the kinetic energy of the wind by means of blades and the rotor, in this way the generator of a turbine converts mechanical energy into electrical energy [13] . This capture of wind energy is achieved through the action of the wind on the blades, which are attached to the rotor shaft. The power of the wind that passes perpendicularly through a circular area is:
Where p is the density of the dry air (in kg=m3), v the wind speed (in m/s) and r the radius of the circular area [13] .
This being the case, this energy is an available energy potential in the Caribbean region, given that the annual wind regime becomes important with the trade winds that occur from late November to early April, reaching speeds of up to 8 m/s on the coast of the Department of Atlántico and up to 10 m/s in Guajira. The use of this energy, by implementing small-scale wind turbines, will be able to mitigate the energy demand of families that, because they are located in regions far from the National Interconnection System, do not have electricity service.
The electric generator
Electric generators are devices that make it possible to obtain electrical energy from mechanical energy, their first designs date back to the mid-nineteenth century, and by the end of this century, improvements were achieved in their mechanisms that facilitated the generation of energy using steam engines and hydraulic sources. Researchers such as T. A. Edison achieve the distribution of electricity in cities such as New York, obtained from hydroelectric power plants [14] . The electric generators are essentially composed of magnets and sets of coils distributed in such a way that, with their relative movement, the magnetic flux through the coils is changing over time, their principle of operation is Faraday's Law of Induction, Therefore, a basic electrical generator consists of a coil and a permanent magnet with a rotating motion, so that the magnetic flux through the coil changes over time [15] .
The magnetism
According to modern theory, magnetism is considered to be the result of the movement of electrons or electrical charges in general, so magnetism is a property of the moving charge and is therefore closely related to electrical phenomena. The magnetization of materials is mainly due to the electronic spin and the movement of electrons around the atomic nucleus, which is why the magnetization of a material is the superposition of magnetic moments: the magnetic momentum of spin and the magnetic orbital momentum of the electron [16] . The superimposition of these magnetic moments in the materials generates, among others, the ferromagnetic, paramagnetic and diamagnetic behavior of each material, since their arrangement will make the superimposition constructive or not and also dependent on factors such as external magnetic fields and temperature. When the magnetic moments of the material are aligned, this property becomes perceptible in the surrounding space of the material, it is said that a magnetic field exists in this region and for its study the concept of magnetic field lines is resorted to, these do not cross each other, it is observed that they cross the magnetic material. Finally, the place where they leave is called the North Pole and the place where they enter the South Pole. Another interesting property is that the magnetic field lines are closed, so they leave from the North Pole, curve and enter from the South Pole [17] .
Faraday induction law
This law states that in a closed loop (e.g. a loop) an electromotive force f: e: m: is induced when there is a change in the time of the magnetic field strength B passing through a loop (magnitude defined as magnetic flux). The f: e: m: is proportional to this variation, i.e. to the variation of magnetic flux over time [18] . Thus, the variation of the magnetic flux on the turns of a coil induces the electromotive force characterized by being proportional to the temporal variation of the magnetic flux through the turn and to the number of turns.
Where N is the number of turns and ϕ is the magnetic flux.
This law is considered as the theoretical support of electric generators, the kinetic energy that acts on the generator rotates a set of magnets so that its magnetic field has a relative movement with respect to the solenoids arranged in the stator, this leads to the variation of the magnetic flux, inducing the electromotive force in the solenoids [19] .
All the above-mentioned contributions are now consolidated as alternatives of great value for business processes [20] , since they generate the options that companies in the different lines and also households can incorporate for the management of more environmentally friendly alternatives and aligned with new business, ecological and economic approaches [21] . It should be noted that this type of innovative initiative and entrepreneurship from the university has been promoted as a mechanism for creative review and management that responds to the problems of today's society [22] .
Results of the experimental design
The generator essentially has a mechanical system, an electrical system and a control system. The mechanical system will facilitate the relative movement of the magnetic fields of the magnets in the coils, the electrical system will induce the electromotive forces and the control system will activate the ballast of the generator, see illustration in figure 1.
Fig. 1: Generator Illustration
Knowing that the entire system involves the generator phases, the connection and disconnection system is controlled by the micro-controller which is the arduino and takes the information from the optocoupler to decide whether to connect or disconnect each phase.
Function tests
In the function test when detecting and determining the generation capacity of the f.e.m., an oscilloscope was used. In the test the generator was manually rotated and connected to the phases. In the process the periodic signal with the phase could be observed when it was generated manually. In addition, it was also demonstrated that to require the generator to rotate quickly, the bicycle generator was used and with belts and pulleys the number of turns was counted, the generator was left per unit of turns and voltage measurements were made at different times.
It was observed that in each variation of the number of flies in 30 seconds that as the number of turns increases in the same time the voltage also increases. Thus, with the electromotive force, the speed at which the magnets pass flush with the coils and the voltages generated is evaluated. So the faster the speed, the greater the electromotive force.
Finally, as a fundamental test of electric power generation, the generator was coupled to a three-bladed horizontal axis mill with 1.18 m blades supported by a 3 m high mast. For fix the generator to the mast was built a support that allows the orientation of the generator in the wind direction. The 3 coils were connected in series and fed into a 1 m long high intensity LED ribbon, reference SMD 5050. These LED ribbons are characterized by a consumption of 7.5 W per linear meter when powered at 12 V and the number of LEDs available is 30 per meter. During the tests moderate winds of up to 8 m/s were achieved, these speeds were measured with a DAVIS Instruments digital anemometer of Vantage PRO2 reference and with 3 voltmeters were measured simultaneously, see figure 2 below. With this new and last test it was obtained that through a new prototype design of the generator wind speeds up to 8m/s, voltages were measured in each of the phases proportional to the speed, the highest voltage obtained is 9.2. These behaviors are visualized in the following table 1. With the data of the voltage and resistance of the led ribbon the power input per each phase is calculated for wind speeds of 8 m/s which was the highest result, it can be seen that in total 16.1 volts were obtained, which was tabulated in table 2. 
Conclusions
At the end of the process, the connection of the coils in different phases facilitates the load deflection of the generator, reducing the net torque on the rotor. In this way, in the case of a wind turbine, the system remains in motion in the event of weak winds. A good operation of a generator was achieved when it is considered low speed, if the stator is designed with a large number of coils and the rotor with a large number of magnets. The insulation of one or more phases was homogenized when electrical switches or relays were included, which, when operating as microcontroller-controlled switches, resulted in an Electric Generator with Automatic Load Discharge. By choosing neodymium magnets, due to their high density of magnetic flow, a higher electromotive force was obtained. Thus, when the coils are connected in series, a higher f.e.m. is achieved when the signals generated in each of them are in phase. A prototype was available that evaluates the rotation speed of the rotor to drive the load deflection, thus achieving an optimal efficiency by isolating the respective phases. In this work, expectations were generated in the wind generation systems, because with the load shedding it is possible to obtain electrical energy with light winds, which under normal conditions do not move the blades.
